Abstract. Following the previous two parts, of a work devoted to encode strong reaction dynamics in the A. Prástaro's algebraic topology of quantum super PDE's, quantum nonlinear propagators in the observed quantum super Yang-Mills PDE, (Y M ) [i], are further characterized. In particular, quantum nonlinear propagators with non-zero lost quantum electric-charge, are interpreted as exotic-quantum supergravity effects. As an application, the recently discovered bound-state called Zc (3900), is obtained as a neutral quasi-particle, generated in a Q-quantum exotic supergravity process. Quantum entanglement is justified by means of the algebraic topologic structure of quantum nonlinear propagators. Existence theorem for solutions of (Y M )[i] admitting negative local temperatures (quantum thermodynamic-exotic solutions) is obtained too and related to quantum entanglement. Such exotic solutions are used to encode Universe at the Planck-epoch. It is proved that the Universe's expansion at the Planck epoch is justified by the fact that it is encoded by a quantum nonlinear propagator having thermodynamic quantum exotic components in its boundary. This effect produces also an increasing of energy in the Universe at the Einstein epoch: Planck-epoch-legacy on the boundary of our Universe. This is the main source of the Universe's expansion and solves the problem of the non-apparent energy-matter (dark-energy-matter) in the actual Universe.
Introduction
How exotic is the Q-exotic electron decay ?
How exotic is the charmonium decay Zc(3900) → π − J/ψ ? Why the Universe expands ?
What is the dark-energy-matter ?
In two previous works [46] , we have characterized observed quantum nonlinear propagators of the observed quantum super Yang-Mills PDE, (Y M ) [i] , proving that the total quantum energy and the total quantum electric-charge of incident particles in quantum reactions do not necessitate to be the same of outgoing particles. These important phenomena, that are related to symmetry properties and gauge invariance of (Y M )[i], were non-well previously understood and wrongly interpreted. Really are just symmetry properties of (Y M ) [i] , beside the structure of the quantum nonlinear propagator, the main origins of such phenomena. This fundamental aspect of quantum reactions in (Y M ) [i] , gives strong theoretical support to the guess about existence of quantum reactions where the "electric-charge" is not conserved. The conservation of the electric charge was quasi a dogma in particle physics. However, there are in the world many heretical experimental efforts to prove existence of decays like the following e − → γ + ν, i.e. electron decay into a photon and neutrino. In this direction some first weak experimental evidences were recently obtained. This effect is interpreted caused by the quantum supergravity. The action of the quantum supergravity is able to guarantee existence of such more general quantum nonlinear propagators in quantum super Yang-Mills PDEs. In fact quantum supergravity can deform quantum nonlinear propagators in order that they can produce such exotic solutions of (Y M ) [i] . In other words, quantum exotic strong reactions exist as a by-product of quantum supergravity that produces non-flat quantum nonlinear propagators. In the standard model quantum supergravity is completely forgotten. Without quantum supergravity, exotic quantum propagators cannot be realized ! The main results are the following. Theorem 2.1 formulates a criterion to recognize under which constraints quantum nonlinear propagators have zero lost quantum electric-charge. Our main result is the identification of a sub-equation
, that is formally integrable and completely integrable, such that all quantum reactions encoded there, are characterized by non-Q-exotic quantum nonlinear propagators. Theorem 2.9 proving that Q-exotic quantum nonlinear propagators of (Y M ) [i] are solutions with exotic-quantum supergravity, i.e., having non zero observed quantum curvature components R jα K . As an application we consider in Example 2.10 the Q-quantum exotic decay of Zc(3900), considered a neutral charmonium. In fact supported by Theorem 2.9, we are able to prove that there exits a nonlinear quantum propagator encoding such decay where the conservation of charge is violated. The algebraic topologic structure of quantum nonlinear propagators allows us to justify the so-called phenomenon of quantum entanglement. See Theorem 3.1 and Theorem 3.2. These prove that the EPR paradox is completely solved in the framework of the Algebraic Topology of quantum 1 See [12] . Some other exotic decays were also investigated, as for example the exotic neutron's decay: n → p + ν +ν. [22] .
PDE's, as formulated by A. Prástaro. In fact, EPR paradox is related to a macroscopic model of physical world (Einstein's General Relativity (GR)). In order to reconcile this model with quantum mechanics, it is necessary to extend GR to a noncommutative geometry, as made by the Prástaro's Algebraic Topology of quantum (super) PDE's. In fact the logic of microworlds is not commutative, hence it is natural that macroscopic mathematical models cannot justify quantum dynamics. In other words, the incompleteness of quantum mechanics (QM)(see [8] ) is the complementary incompleteness of the GR, since they talk at different levels: microscopic the first (QM), macroscopic the second (GR). These different points of view can be reconciled by introducing the noncommutative logic of the QM in the geometric point of view of the GR. But this must be made at the dynamic level ! It is not enough to formulate some noncommutative geometry to encode microworlds ! Therefore the necessity to formulate a geometric theory of quantum PDE's as has been realized by A. Prástaro. Theorem 4.1 proves existence of solutions of (Y M )[i] admitting negative (absolute) temperature and Theorem 4.6 relates such solutions to quantum entanglement. Exotic quantum solutions are used to encode quantum universe admitting electric-charge violation and non-equilibrium thermodynamic processes. These solutions solve the problem to justify the asymmetry between matter and antimatter existing in our Universe. Another important important subject considered in this third part is the proof that the geometric structure of quantum propagator encoding Universe at the Planck epoch is the cause of the Universe's expansion. 2 This expansion is not caused by a strange exoteric force, but it is the boundary-effect of the quantum nonlinear propagator encoding the Universe. In fact this propagator has a boundary with thermodynamic quantum exotic components. The presence of such exotic components produce an increasing of energy contents in the Universe, seen as transversal sections of such a quantum nonlinear propagator. To the increasing of energy corresponds an increasing in the expansion of the Universe. Such expansion has produced the passage of the Universe from the Higgs-universe, the first massive universe at the Planck epoch, to the actual macroscopic one. However, yet in such a macroscopic age the expansion of the Universe can be justified by using the same philosophy. This will be illustrated by adopting the Einstein's General Relativity equations, but taking into account the effect of its quantum origin (Planck-epochlegacy). With this respect one can state that the so-called dark-energy-matter, is nothing else than the increasing in energy produced by the thermodynamic exotic boundary encoding the Universe. Therefore it is a pure geometrodynamic bordism effect that produces an expansion of our Universe also at the Einstein epoch. Paradoxically this is a consequence of the energy conservation law that continues to work whether at the Planck epoch or at the Einstein age. The main result is Theorem 5.5 characterizing the expansion of the Universe at the Planck epoch on the ground of its boundary containing thermodynamic quantum exotic components. Furthermore, Theorem 5.7 extends this result also to the Universe at the Einstein epoch. Let us also here emphasize that these new results have been possible thanks to the Algebraic Topology of Quantum Supermanifolds formulated by A. Prástaro in a series of early published works. These allow to go beyond the usual point of view, adopted by physicists, that considers quantum supergravity as classical supergravity quantized by means of standard methods. In fact, that approach cannot well interpret nonlinear quantum phenomena that are dominant in high energy physics. Really the usual quantization of supergravity is made by means of so-called quantum propagators that are essentially obtained from the classical theory by a proceeding of linearization of such a theory. (See, e.g. [6] and [25, 26, 27, 28] for the corresponding interpretation in the geometry of super PDEs.) Instead the new Prástaro's concept of quantum nonlinear propagator allows to consider more general non-commutative PDEs and a nonlinear process of integration in the category of quantum supermanifolds. In such a way one can encode in a natural way all very complex nonlinear quantum phenomena in high energy physics as, for example, quantum black-holes and quantum entanglements that it is impossible to completely encode in the the usual quantum supergravity. (See [37, 38, 39, 40, 41, 45, 46] .)
In this third part we assume as prerequisite the knowledge of the previous two parts [46] . In the following theorem we identify a constraint in (Y M )[i] where live quantum nonlinear propagators with zero lost quantum electric-charge. Some interesting applications are also considered that give a new mathematical support and justification to recent exotic experimental results like the so-called Zc(3900) exotic decay. [2, 17] 
be the quantum super YangMills PDE, observed by a quantum relativistic frame i : N → M . Assuming that the fundamental quantum superalgebra A of (Y M ) has a Noetherian center, then there exists a formally integrable and completely integrable quantum super PDE, (1) 
These equations are also formally integrable and completely integrable. (For details see [35, 37, 40, 41] .) In the following we recall a theorem characterizing 
where dξ j means absent. (Ξ K α are the gauge parameters.) The conservation law ω q is of the same type of ones considered in [46] (I), hence it is closed on the solutions of (Y M ) [i] . In particular if V is a quantum nonlinear propagator such that ∂V = N 0 ⊔ P ⊔ N 1 , where N 0 is a initial Cauchy data representing a set of incident particles in the quantum reaction, and N 1 is a final Cauchy data representing a set of outgoing particles in the quantum reaction. Both N 0 and N 1 are considered space-like, and identifying some time t 0 and t 1 , of the proper time of the quantum relativistic frame. Instead P is considered a 3-dimensional time-like manifold, such that ∂P = ∂N 0 ⊔ ∂N 1 . Then one has the following equation:
By a direct calculation one can see that [35, 37] .) Therefore the condition that V has zero lost quantum electric-charge is the following: R 
One can prove that, under the condition that the quantum superalgebra B, underling these quantum supermanifolds, has Noetherian center,
• canonically identifies a formally integral and completely integrable quantum super PDE,
The proof follows some geometric approaches previously formulated by A. Prástaro for PDEs in the category of manifolds and quantum (super)manifolds, and that consist to use enough prolongations of original equations, in order to obtain formally integrable equations having the same so-
Let us go in some detail of this proof, since it is necessary to use some technicality. Let us first note that (Y M )[i] is a formally integrable and completely integrable quantum super PDE. In fact, let us denote B = R × A, the quantum superalgebra, model of the quantum supermanifoldĴD 2 (W [i]), with A the quantum superalgebra such that
The we have the surjection of the canonical mapping
. In fact, one has:
). This property can be extended for iteration to any order of prolongation h ≥ 0. Then, taking into account that B has Noetherian center, we can state that (Y M )[i] is regular and δ-regular in the sense specified in [35, 37] . This is enough to state that (Y M )[i] is formally integrable, and since it is of class Q ω w , it follows that it is also completely integrable. By following a similar road to look to the formal integrability of (Y M )[i] • , we arrive to prove that it is not formally integrable, since there is not the surjectivity between the first prolongation (
On the other hand, by following our geometric theory of quantum (super), we can identify another equation, say
, that is formally integrable and completely integrable and that has the same solutions of (Y M ) [i] • . This equation is reported in (6).
• is surjective. In fact one has the equation reported in (7).
This can be generalized for iteration to any order of prolongation. Therefore,
• is regular and δ-regular, hence formally integrable. Since it is also of
• is a completely integrable quantum super PDE.
The fiber bundle structure of (Y M ) [i] • over N follows from the following commutative and exact diagram.
From above results it follows also that the 3-dimensional smooth integral bordism
(See relation between formal integrability and integral bordism groups in [35, 37, 40, 41] .) In fact, if V is a smooth quantum nonlinear bordism of
In other words P ∼ = ∂a × I, and a ∼ = b. Therefore one has Example 2.6. An exotic quantum nonlinear propagator V that encodes the decay of electron e − → γ + ν is one that bords initial and final Cauchy data that stay both
Let us recall that γ and ν are not contained in (Higgs), where, instead, lives the electron. (See Fig. 1.) Example 2.7. A similar exotic quantum nonlinear propagator is one that encodes a Q-exotic neutron decay n → p + ν +ν. Proof. The proof is a direct consequence of Definition 2.8 and the proof of Theorem 2.1.
Example 2.10 (The Quantum Exotic Zc(3900) decay). Two independent researchteams and Laboratories, Belle-Kek of Tsukuha in Japan, and BESIII-The Beijing Electron-Positron Collider of Pechino in China, have recently studied the reaction
Gev, observing the presence of an intermediate bound state about 3.9 Gev, that have called Zc(3900). The actual more accepted interpretation of such new quasi-particle Zc(3900) is to consider it like a charged tetraquark meson made by {c,c,d, u} or {c,c,ū, d}, according to the sign of the charge. It is important to note that this interpretation is motivated by the fact that since the conservation of charge is a rigid law in the usual Standard Model, one cannot admit a decay e.g., Z c (3900) → π + J/ψ from a neutral charmonium Z c (3900), i.e., simply made by a couple {c,c}. Thus under the necessity to conserve electric charge, physicists have guessed Z c (3900) as a charged tetraquark particle or an hadron-molecule. [2, 17] (For more information look, e.g., Wikipedia -Zc(3900).)
For the moment this is only an ansatz, that necessitates of further experimental data to be confirmed. On the other hand we can prove that in the framework of the Algebraic Topology of quantum super PDEs, as formulated by A.Prástaro, it is possible to describe such new particle Z c (3900) like a neutral excited state of charmonium, that is more naturally related to the charmonium Y . The price to pay is just the non-conservation of charge ! But we have proved in Theorem 2.9, that processes with such characteristics exist in the quantum super Yang-Mills equation. Therefore, it is not necessary to assume that Z c (3900) has an exotic tetraquark structure ! The reaction
Gev, is represented in Fig. 2 . Here one can see that the quantum nonlinear propagator V , bording
, i.e., belong to the (zero-lost-quantum-electriccharge-constraint), and being massive particles are also contained in (Higgs). Furthermore, V admits the following decomposition
, where Y (4260) represents a charmonium at 4.26 Gev. Furthermore, ∂V 1 = Y (4260) P 1 {π + ⊔ Zc(3900)}, where Zc(3900) represents a charmonium at 3.9 Gev, and ∂V 2 = Zc(3900) P 2 {π − ⊔ J/ψ}, where J/ψ is again a charmonium particle. The quantum supermanifold V 1 , V 2 are not contained into
• . Therefore the nonlinear quantum bordism V , even if has a first part 
Quantum entanglement in quantum nonlinear propagators
In this section we shall relate quantum nonlinear propagators of quantum super Yang-Mills PDEs with the so-called quantum entanglement phenomenon. In quantum mechanics a composite system is called quantum entangled if it is encoded by global states which cannot be represented as products of the states of individual subsystems. This phenomenon has as a consequence that if a subsystem is observed, the other parts of the composite system have instantaneous reactions. This aspect were considered in contradiction with the concept of causality. In particular, quantum entanglement were considered in conflict with the Einstein's General Relativity. (See [4, 8, 21, 50] .) Nowadays the quantum entanglement is a well experimentally accepted and verified phenomenon. (See, e.g., [56] .) Let us emphasize that this paradox has been completely solved in the Prástaro's formulation of quantum gravity in the framework of the Algebraic Topology of quantum PDE's. See [39] , where the observed quantum gravity has been related to the EPR paradox. The following theorems will give a more detailed justification of the quantum entanglement on the ground of the bordism structure of quantum nonlinear propagators and quantum conservation laws as formulated by A. Prástaro. But what is less considered, is that photons are quantum entangled to both e + and e − too. In fact, this follows from the quantum conservation laws and the structure of quantum nonlinear propagator encoding such a reaction. But this has nothing to do with the violation of causality ! It is a simple direct consequence of the noncommutative logic of the microscopic world applied to the algebraic topologic structure of quantum nonlinear propagators !
Quantum thermodynamic-exotic solutions in (Y M )[i]
In this section we shall prove that (Y M )[i] admits solutions with negative local temperature. This is a quantum effect, classically strictly forbidden. 5 We have the following theorem.
Theorem 4.1 (Quantum thermodynamic-exotic solutions existence). (Y M )[i]
admits quantum thermodynamic-exotic solutions, i.e., solutions that have negative temperature θ = (∂s.e), where e is the local interior energy and s is the local entropy of such solutions respectively.
Proof. In Refs. [41] we have proved that thermodynamics of the observed quantum super Yang-Mills PDE is encoded on the fiber bundle 
It is assumed a Lagrangian of first derivation order.
We shall use the following lemma.
Lemma 4.2 (Thermodynamics covering of (Y M )[i]). Thermodynamics for solutions of
(Y M )[i] is encoded by a 1-dimensional differential covering of (Y M )[i].
Proof. Let us consider the infinite prolongation (Y
. This is endowed with a 4-dimensional (completely integrable) distribution
induces an isomorphism between the corresponding fibers, i.e., one has the exact and commutative diagram (10) .
is locally spanned by vector fields ζ α , α ∈ {0, 1, 2, 3}, then there are vector fields ζ α , α ∈ {0, 1, 2, 3}, on E such that τ * ( ζ α ) = ζ α and [ ζ α , ζ β ] = 0, ∀α, β ∈ {0, 1, 2, 3}. If ν is a gauge infinitesimal symmetry of the
Then the local characterization of ζ α is given in (11).
(11)
(When ζ α = ζ α the covering is called a trivial covering.) The local expression of E is given by the set of equations reported in (12).
This overdetermined system is consistent iff condition (11)(b) holds on (Y M )[i] +∞ . From results in [41], [46](II) and above considerations, it follows that thermodynamics of (Y M )[i] is encoded by (Y
Its local expression is reported in (13).
In (12) and (13) (14) . There the top horizontal line is exact too.
Now, temperature identifies a continuous function θ :
where We call quantum thermal-exotic solutions such solutions. Since one has a natural projection
, we get that also a natural sub-equation
. We call exotic-thermodynamics quantum
. Therefore a quantum thermal-exotic solutions
. From above considerations, it follows that the set of such solutions is not empty. Therefore, theorem is done.
Example 4.3. Negative (absolute) temperature is related to the quantum structure of the physical system, encoded by its local observed quantum Hamiltonian H(p).
As the local partition function Z can be interpreted as a normalization factor for the local probability density P (E) = 1 Z N (E)e −βE , [41, 46] , it follows that must be 0 < Z < ∞. Since Z = tr (e −β H(p) ), the trace converges in general when β H(p) is positive semidefinite. Therefore, if H(p) is negative semidefinite, then β must be negative. So, when θ = 1 κB β , we must necessarily have θ < 0. On the other hand if the fundamental quantum algebra A is a C * -algebra, and H(p) is a self adjoint element of A, we can use its Jordan decomposition to split it into a linear combination of positive elements of A. More precisely we can write
7 Therefore, we get
For the convergence of traces it is necessary that β H(p) ± should be semidefinte positive. Since both H(p) + and H(p) − are positive, it follows that must be β ≥ 0. Thus if the system is in equilibrium with a heat bath, namely θ = 1 κB β , for the temperature one should have θ ≥ 0. Therefore, in such cases quantum thermodynamic-exotic solutions cannot be obtained in thermodynamic equilibrium states, but only as nonequilibrium thermodynamic states.
Example 4.4. We can apply Theorem 4.1 to laser systems. In fact, a laser system works just thanks to existence of quantum thermodynamic-exotic solutions. 8 We can generalize above definition of quantum thermodynamic-exotic solution by the following one. 
. Therefore the proof is done. Example 4.7 (Asymmetry matter-antimatter and non-equilibrium thermodynamic processes in a quantum universe encoded by a quantum thermodynamic-exotic solution in (Y M )[i]). A fashionable research subject is to justify the experimental observations that in our Universe the concentration of antimatter is substantially zero. Even if antiparticles are produced everywhere in the Universe in high-energy collisions, these antiparticle jets are annihilated by contact with matter, hence their presence in the actual Universe remains very rare. 9 This could be a very strange situation, taking into account that also the original big-bang should create from nothing the actual Universe. In fact, by using Einstein's General Relativity, and extrapolating the expansion of the Universe backwards in time, one arrives to an infinite density and temperature at a finite time in the past. This singularity can be removed by considering that at microscopic level one should go beyond General Relativity and use quantum-(super)gravity. Really the time of the big-bang can be called the Planck-epoch. But the classic quantum mechanics should foresee a couple universe-antiuniverse, hence the presence of particles and antiparticles, in order to conserve zero vacuum quantum numbers. With this respect some authors have conjectured that particle interactions could violate some classic conservation laws in particle physics, as baryon-number, C invariance and CP symmetry and could present breakdown of chemical equilibrium during Planck-epoch. (See, e.g., [48] .) Our theory of quantum-supergravity can, now, give a precise mathematical justification to the observed asymmetry matter-antimatter and to non-equilibrium processes. In fact, in order to describe the Universe in the Planck-epoch one can use a quantum super Yang-Mills PDE, (Y M ). There, the Universe can be encoded as a quantum black-hole, hence with a very huge mass. As such it should be represented by a Cauchy data B, in the sub-equation (Higgs) ⊂ (Y M ), where live solutions with quantum mass. However the solution V , encoding such a quantum universe, should start from a point ⋆ in (Y M ), outside (Higgs), hence without quantummass. Then during its evolution such a quantum universe, should be represented by a quantum nonlinear propagator V , that, after crossed the Goldstone boundary, acquires a quantum mass. There one can talk about matter and antimatter. Since in the Planck-epoch there is not necessarily request the conservation of charge, it follows that it does neither necessitate the conservation of the symmetry between matter and antimatter. Therefore, the quantum nonlinear propagator V , encoding such a quantum universe, should be a q-exotic quantum nonlinear propagator V , in the sense of Theorem 2.1, Definition 2.8 and Theorem 2.9. Furthermore, assuming also that V is contained into Proof. With respect to equation (24) in part I, we get (2) and [39] (II), where has explicitly considered the relation between a quantum super PDE and its observed with respect to a quantum relativistic frame.
Quantum Geometrodynamic Cosmology
In this section we shall prove that the actual expansion of our Universe has its origin in the so-called big-bang, namely it is a natural geometrodynamic consequence of its structure at the Planck epoch. We shall prove that, thanks to this quantum origin, the energy-matter content of our Universe continuously increases. So the darkenergy-matter conjectured from some cosmologists is nothing else that new real energy-matter produced as a consequence of the conservation of quantum energy at the Planck epoch first and at the Einstein epoch next. 
i.e., it is the boundary of the part
, hence V has a thermodynamic quantum exotic component. 11 Here we shall consider, for simplicity, the second interpretation. With this respect, let us see V as a fiber bundle on the propertime of the quantum relativistic frame. Then we can write V = 0≤t≤tB V t , with V 0 = ⋆, V tB H = B H and V tB = B. Then one has (17) H
where
ar (E) is the space of character-3-test functions and i t : V t ⊂ V ⊂ N → M is the mapping induced by the quantum relativistic frame i : N → M . We get
In (18) 1 ] ∈ A must be definite negative. As this holds for any characteristic test function α, it follows that the observed quantum Hamiltonian on V 1 must be definite negative, therefore V 1 is a thermodynamic exotic quantum component of V .
Definition 5.2. We call big-bang quantum nonlinear propagator the quantum nonlinear propagator V = V 1 B H , bording ⋆, i.e., the point of the big-bang in
, with the massive Higgs-universe B H .
12
Corollary 5.3 (Relation between Higgs-universe quantum energy and the big-bang quantum nonlinear propagator). One has that the quantum energy content of B H is determined by the thermodynamic exotic quantum part of V :
Theorem 5.4 (Relation between Higgs-universe quantum energy and the boundary of the big-bang quantum nonlinear propagator). The Higgs-universe quantum energy is related also to the boundary of the big-bang quantum nonlinear propagator, by means of the quantum energy conservation form ω H :
This proves that < ω H , ∂ 1 V > must be definite positive, since H[i|B H ] is so. Therefore the big-bang quantum nonlinear propagator is a thermodynamic quantum exotic nonlinear propagator in the sense of Definition 4.8.
Proof. Set V = V 1 B H as considered in Definition 5.2. From the conervation of quantum energy we get
Therefore, we get formula in (20) and the conclusion on the thermodynamic exotic property of the big-bang quantum nonlinear propagator holds.
Theorem 5.5 (Expansivity-criterion for the Universe at the Planck epoch). A necessary and sufficient condition for the Universe in the Planck-epoch to be expansive is that the quantum non linear propagator, encoding this Universe, after crossed the Goldstone boundary, has the boundary part, P , contained between the quantum Higgs-universe and some other massive transversal section B ⊂ (Higgs), 13 thermodynamic quantum exotic, in the sense of Definition 4.8, i.e., for the quantum energy conservation form ω H , one has that < ω H | P , P > is positive definite. We call this condition the quantum expansivity condition on the quantum nonlinear propagator encoding the Universe at the Planck epoch.
Proof. This theorem follows directly after Proposition 4.9, Theorem 5.1, Theorem 5.4 and Corollary 5.3. Let us here only to emphasize that the quantum energy content of any quantum nonlinear propagator of the Universe at the Planck epoch is zero, according to the conservation of vacuum quantum numbers. In fact if V = V BHV , with V = V 1 B H , where V 1 is the big-bang quantum nonlinear propagator andV is a quantum nonlinear propagator contained in (Higgs) [i] , with 12 In the following we write indifferently ∂V 1 or ∂ 1 V to denote the boundary of V 1 . 13 See the representation in Fig. 3 . ∂V = B H P B, we get for the quantum energy conservation:
Therefore we get H[i|B] = H[i|B H ]+ < ω H , P >. Since must be < ω H , P > and H[i|B H ] positive definite, it follows that also H[i|B] is positive definite, as it must be, since B is a massive quantum universe. On the other hand, the quantum energy content ofṼ must be zero, hence we get: 
By conclusion, the quantum energy content ofV is the positive difference between the quantum energy content of B and the quantum contribution of the boundary < ω H , P > identified by the quantum energy conservation form ω H . Proof. In fact since the Einstein equation admits the conservation of energy, one has a conservation 3-form ω H : (Ein) → Λ 0 3 (Ein), similar to the one reported in Theorem 3.20 in part I (equation (20) . Then taking into account that also at macroscopic level we can encode Universe by means of a nonlinear propagator as described in Definition 5.6, we get (25) In other words at the Einstein epoch, the difference between the energy content of the Universe at the instant t 2 and the contribution of the boundary's nonlinear propagator, is just the energy content of the Universe at the instant t 1 < t 2 .
Remark 5.9. Corollary 5.8 agrees with Universe at the Planck epoch, and with its origin from the quantum vacuum.
Remark 5.10 (Dark-energy-matter). Nowadays the experimental justification of the increasing expansion of our Universe is attributed to some an huge presence of dark-energy-matter, namely energy-matter that is larger than one usually observed. The Prástaro's theory of quantum supergravity, allows to understand that the Universe at the Plank epoch is encoded by a quantum nonlinear propagator with thermodynamic quantum exotic components. This quantum nonlinear propagator has zero quantum energy content and produces an expansion of the massive Higgs-universe, until its macroscopic level, called the Einstein epoch. Then the Planck-epoch-legacy has the effect to increase further Universe's expansion also at the Einstein epoch, thanks to the presence in its boundary of thermodynamic exotic components, as proved in Theorem 5.7. By conclusion, the dark-energy-matter is really the cause of the actual Universe as conjectured by some cosmologic scientist, but it is not so strange or mysterious as it appears. It is a simple boundary effect of the geometrodynamic structure of the Universe legacy at its Planck epoch.
Remark 5.11. The actual status of our Universe is the most wonderful experimental verification that our Universe at the Planck-epoch was encoded by a quantum nonlinear propagator as described in Example 4.7 and in Theorem 5.5 . This is also an experimental checking of the Prástaro's formulation of quantum supergravity theory, built in the framework of his algebraic topology of quantum super PDEs.
(For details on this theory, and related subjects, see works by A. Prástaro quoted in References.) This Prástaro theory gives also a precise mathematical support to some early conjectures on the continuous creation of matter. (See, e.g., [7, 15, 16] .)
